Virtual Observation of Femtosecond Spin Dynamics Mechanism in Graphene by Emetere, Moses et al.
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	https://www.researchgate.net/publication/306039423
Virtual	Observation	of	Femtosecond	Spin
Dynamics	Mechanism	of	Graphene
Conference	Paper	·	June	2016
CITATIONS
0
READS
20
3	authors,	including:
Some	of	the	authors	of	this	publication	are	also	working	on	these	related	projects:
Monitoring	Enzyme	kinetics	during	simple	sugar	production	&	corrosion	inhibition	using	plant
extracts	View	project
RENEWABLE	ENERGY	PROSPECTS	IN	DEVELOPING	COUNTRIES	View	project
Samuel	Sanni
Covenant	University	Ota	Ogun	State,	Nigeria
14	PUBLICATIONS			4	CITATIONS			
SEE	PROFILE
Michael	Chikodi	Agarana
Covenant	University	Ota	Ogun	State,	Nigeria
44	PUBLICATIONS			20	CITATIONS			
SEE	PROFILE
All	content	following	this	page	was	uploaded	by	Samuel	Sanni	on	11	August	2016.
The	user	has	requested	enhancement	of	the	downloaded	file.	All	in-text	references	underlined	in	blue	are	added	to	the	original	document
and	are	linked	to	publications	on	ResearchGate,	letting	you	access	and	read	them	immediately.
  
Abstract—The mechanism of the femtosecond spin dynamics 
is still not properly understood. The remodeled Bloch – 
Schrödinger equation was incorporated into the Hamiltonian. 
The mechanism of the femtosecond dynamics was investigated 
under three quantum states. The spin relaxation mechanism 
operated in a single continuous time scale (>70ps) which was in 
variance with knownpostulate. The transient reflectivity was 
measured to be within an angular range of 18.6o to 90.0o at a 
pulse range of 1MHz to 6.5 MHz.  Beyond the pulse intensity of 
-2.5, the system elapsed into a quasi-equilibrium state which 
explains the independence of the magnetic moment on the pulse 
intensity. Different possibilities of the femtosecond spin 
dynamics were worked out for future study. 
 
 
Index Terms—femtosecond spin dynamics,  Schrödinger, 
Bloch NMR, spin relaxation 
 
I. INTRODUCTION 
ustifying novel experimental research by theoretical 
models is fast deviating from the usual practice of merely 
combining theories and mathematical conditions into a 
robust process of setting pace for experimental research by 
proactive theoretical models.  The femtosecond spin 
dynamics of materials is a typical research area which has 
shown as much complexities as the superconducting 
medium. For example, the graphene was reported to be in the 
class of an ideal spintronics (1). Its spin relaxation 
mechanism still remains uncertain due to wide discrepancies 
between experimental (2) and theoretical (3) efforts. The 
spin relaxation in graphene and spintronics had been 
reported to dependent on adatoms (4), curvature (5), 
substrate effects (6), vacancies (7) and contacts (8). Often 
times, there had been scientific reports of strange twist of 
behavioral and functionality of materials at certain 
conditions. For example, at the same time scale i.e. 100ps, 
spin relaxation time in graphene is due to resonant scattering 
by local magnetic moments (9); in GD, spin-lattice 
interaction is dominant (10); in nickel, a sharp decrease of 
magnetization was observed (11). These discoveries show 
that theoretical research may be unable to discover the 
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mechanism of different material due to dissimilar reactions to 
physical conditions (12).  
Theoretically, some quantum state referred to in the later part 
of this paper e.g quasi-equilibrium state does not evolve 
under Hamiltonian system except they are reduced with the 
eigenbasis blocks of the spin environment Hamiltonian (13).  
This problem was solved in this paper by estimating-
differently for the reduction of the eigenbasis blocks of the 
spin environment Hamiltonian - using the Bloch NMR 
equation to solve the Schrödinger equations (14) and then 
inserting the solutions (which are the reduced eigenbasis) 
into a spin environment Hamiltonian in order to analyze the 
mechanism of femtosecond spin dynamics.  
 
II. THEORETICAL BACKGROUND 
 
Previously, the spin density matrix was calculated as (15) 
                                                  (1) 
Now, we mathematically accounted for the reduction of the 
eigenbasis blocks of the spin environment Hamiltonian - 
using the Bloch NMR equation to solve the Schrödinger 
equations and then inserting the solutions (which are the 
reduced eigenbasis) into a spin environment Hamiltonian in 
order to analyze the mechanism of femtosecond spin 
dynamics in the next section.  
 
III. RESULTS AND DISCUSSION 
The initial assumption made in this paper is that the nucleus 
and the electrons are enclosed in a spherical boundary called 
atom. We applied the Christoffel's second rank tensor 
analysis within a spherical polar coordinate. 
                        
      
                                                                                     (2) 
The many solutions can be found in Gupta (16) as 
                                                           (3a) 
                                                                      (3b)  
                                                               (3c)  
The solutions in equation 3a-c are important to characterize 
the spin relaxations under three conditions (low transverse 
magnetization, moderate transverse magnetization and high 
transverse magnetization) at 100ps time scale. This idea 
would avail us the validity to affirm the presence of magnetic 
deflagration in the graphene sample (see figures 1-3). 
Magnetic deflagration has been earlier reported as the 
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 signature of magnetic material prepared in a metastable spin 
configuration (17). 
Experimentally, the time needed to reverse spins is given as 
about 100ps (18). Also, the characteristic time for establishing 
a thermal equilibrium between the lattice and the spin system 
is also within the range of 100ps (10). We restricted the 
research within the 0ps- 100ps because the spin lattice  
interaction for some materials (11) seems to be more visible at 
this range. One of the significant successes of the Bloch –
Schrodinger solutions was the splitting of overlapping 
resonances without the usual long measuring times as shown 
in Fig. (1-3). Also, the Bloch –Schrodinger solutions could 
be used to analyze coupled spin systems unlike the restriction 
to the uncoupled spin which the Bloch NMR equation is 
known for. When the applied transverse magnetization is 
very low, the features in figure (1) reveals the following 
occurrences: the magnetic ratio ( ) curve defines the nature 
of demagnetization on the femtoscale as electronic (11); two-
spin correlations dominates the coherent dynamics during the 
early timescale (11); the transition from ferromagnetism to 
paramagnetism is not restricted only to heating the system 
temperature above the Curie point. Changing the pulse 
sequencing of the applied transverse magnetization could 
also initiate the transition from ferromagnetism to 
paramagnetism (18). The experimental effect of pulse 
sequencing of the applied transverse magnetization e.g. 
competing relaxation pathways was accounted for in this 
calculations. At about 40ps (as shown in fig. (1)), the spin 
system recognized the impact of the total effect of the 
magnetic field on the material nuclei. This can be practically 
summarized that low applied transverse magnetization favors 
the analysis of Gd whose spin-lattice relaxation time was 
experimental reported as 48ps (19).  
 
IV. CONCLUSION 
 
In conclusion, three states were discovered in the 
femtosecond spin dynamics mechanism. The first is the 
blocking state where the electrons are in a non-equilibrium 
state. The measurement at this state specifies that its transient 
reflectivity is within an angular range of 18.6o to 90.0o. The 
pulse was within the range of 1MHz to 6.5 MHz. The second 
was the equilibrium state where the spin flip increases the 
number of electrons with opposite sign. The third is the 
quasi-equilibrium state where the pulse intensity had 
moderate impact on the magnetic moment under the 
bleaching effects when  . Beyond the intensity 
, there is no effect on the magnetic moment 
because it is at its quasi-equilibrium state.  
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Fig. 1.   spin relaxation at low transverse magnetisation 
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Fig. 2.   spin relaxation at moderate transverse magnetisation 
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Fig. 3.   spin relaxation at high transverse magnetisation  
Proceedings of the World Congress on Engineering 2016 Vol II 
WCE 2016, June 29 - July 1, 2016, London, U.K.
ISBN: 978-988-14048-0-0 
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)
WCE 2016
 ACKNOWLEDGMENT 
The authors acknowledge the supports of their host 
institutions and J. Emetere. 
 
REFERENCES 
[1] Fabian, J., A. Matos-Abiague, C. Ertler, P. Stano, and I. Zutic. 
(2007). Semiconductor Spintronics, Acta Phys. Slovaca 57, 
565      
[2] Tombros, N., S. Tanabe, A. Veligura, C. Jozsa, M. Popinciuc, 
H. T. Jonkman, and B. J. van Wees.(2008).Anisotropic Spin 
Relaxation in Graphene, Phys. Rev.Lett. 101, 046601  
[3] Dugaev, V. K., E. Y. Sherman, and J. Barnas.(2011).Spin 
dephasing and pumping in graphene due to random spin-orbit 
interaction, Phys. Rev. B 83, 085306 
[4] Yazyev, O. (2010).Emergence of magnetism in graphene 
materials and nanostructure,Rep. Prog. Phys. 73, 056501  
[5] Jeong, J. S.,  J. Shin, and H. W. Lee. (2011).Curvature-induced 
spin-orbit coupling and spin relaxation in a chemically clean 
single-layer graphene, Phys. Rev. B 84,195457  
[6] Moses E Emetere & Muhammad M Bakeko.(2013). 
Determination of characteristic relaxation times and their 
significance in copper oxide thin film, Journal of the 
theoretical Physics and Cryptography 4(1), 1-4  
[7] Uno E. Uno, Moses E. Emetere, Mathew Aplha.  (2014). 
Crystalline Grain Size Effects On The Conductivity Of The 
Doped Tin Dioxide (SnO2)  With Zinc (Zn). Journal of Ovonic 
Research, 10 (3), 83-88 
[8]  Popinciuc, M., C. J´ozsa, P. J. Zomer, N. Tombros, 
A.Veligura, H. T. Jonkman, and B. J. van Wees. (2009). 
Electronic spin transport in graphene field-effect transistors, 
Phys. Rev.B 80, 214427  
[9]  Denis Kochan, Martin Gmitra, and Jaroslav Fabian. ( 2013). 
Spin relaxation mechanism in graphene: resonant scattering by 
magnetic impurities, arXiv:1306.0230v1 [cond-mat.mes-hall]  
[10]  Vaterlaus, A.,  T. Beutler, F. Meier. (1991) . Spin-lattice 
relaxation time of ferromagnetic gadolinium determined with 
time-resolved spin-polarized photoemission, Phys. Rev. Lett. 
67, 3314 
[11] Hubner, W. , G.P. Zhang.(1998).  Femtosecond spin dynamics 
probed by linear and nonlinear magneto-optics , Journal of 
Magnetism and Magnetic Materials 189,101-105 
[12] Moses E Emetere, Uno E. Uno, and Isah K. (2014). A 
Remodeled Stretched Exponential – Decay Formula for 
complex systems, Journal of Engineering and Technology, 
3(2)4-12 
[13] Walls, J.D. and Y. Lin.(2006). Constants of motion in NMR 
spectroscopy , Solid State Nuclear Magnetic Resonance, 29, 22 
[14] Moses E Emetere. (2013). Mathematical Modeling of Bloch 
NMR to Explain the Rashba Energy Features. Scientific 
Research, World Journal of Condensed Matter Physics, 3(1), 
87-94 
[15] Moses E Emetere and B. Nikouravan. (2014). Femtosecond 
Spin Dynamics Mechanism Probed By the Bloch NMR -
Schrödinger Mainframe. International Journal of Fundamental 
Physical Sciences, 4(4), pp. 105-110.  
[16] GuptaV.P. (2010). ,Mathematical Physics, Vikas Publishing, 
4th Edition,3.57,  
[17] Subedi,P. ,  S. Velez, F. Macia, S. Li, M. P. Sarachik, J. 
Tejada, S. Mukherjee, G. Christou, and A. D. Kent. (2013) . 
Onset of a Propagating Self-Sustained Spin Reversal Front in a 
Magnetic System,  arXiv:1301.1900v2 [cond-mat.mes-hall]  
[18] Zhang, G.P. and W. Huber. (1999). Femtosecond spin 
dynamics in the time domain, Journal of applied physics,  85, 
8, 5657-5659 
[19] Uno E. Uno and Moses E Emetere. (2011). Mean-Field 
Analysis Of The Layering Transitions Of The Spin- 1/2 Ising 
Model In A Transverse Magnetic Field.Int. Journal for 
scientific research,1 (1), 7-13 
[20] Schneider,H. C.,  J.P. Wustenberg, O. Andreyev, K. Hiebbner, 
L. Guo. ( 2005). Energy-resolved electron-spin dynamics at 
surfaces of p-doped GaAs, arXiv:cond-mat/0508601v1 [cond-
mat.mtrl-sci]  
 
Proceedings of the World Congress on Engineering 2016 Vol II 
WCE 2016, June 29 - July 1, 2016, London, U.K.
ISBN: 978-988-14048-0-0 
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)
WCE 2016
View publication stats
